Rationale: The heart continues to develop and mature after birth and into adolescence. Accordingly, 30 cardiac maturation is likely to include a progressive refinement in both organ morphology and function 31 during the postnatal period. Yet, age-dependent changes in cardiac electrophysiology and calcium 32 handling have not yet been fully characterized.
INTRODUCTION
a lead II configuration. During sinus rhythm, ECG signals were collected to analyze heart rate, atrial 134 To reduce motion artifact during imaging experiments, the heart was perfused with Krebs-Henseleit 135 buffer supplemented with 10 μM (-/-) blebbistatin (Sigma-Aldrich) (Fedorov et al., 2007; 136 2012). Epicardial imaging was performed by sequentially loading the heart with fluorescent dyes 137 through a bubble trap located proximal to the aortic cannula Posnack et al., 2014a) . A 138 calcium indicator dye (50 μg Rhod2-AM) (Lang et al., 2011; Jaimes et al., 2016a) was added and 139 allowed to stabilize for 10 min, followed by a potentiometric dye (62.1 μg RH237) . 
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For ventricular pacing, a 0.25 mm diameter tungsten, unipolar, cathodal electrode was placed on the 152 left ventricle's epicardium, and a stainless-steel indifferent electrode was placed under the heart. To 153 determine the ventricular effective refractory period (VERP), dynamic pacing (S1-S1) was performed 154 during optical mapping. A Bloom Classic electrophysiology stimulator (Fisher Medical) was set at a 155 pacing current 1.5x the minimum pacing threshold (~1.8 mA) with 1 msec monophasic pulses; pacing 156 cycle length (PCL) was decremented stepwise (250 -50 msec) until a loss of capture was observed, in 157 order to identify VERP.
159
Signal Processing
160
Following image acquisition, signal processing and data analysis were performed using a custom 161 MATLAB script, as previously described (Posnack et al., 2014b; Jaimes et al., 2016b) . A region of 162 interest (appx 0.75 mm) was selected in identical locations on the split image of the heart for each raw image. The signals from each ROI corresponding to transmembrane voltage and calcium transients,
164
were independently averaged and plotted against time. A peak detector algorithm was applied, and 165 characteristics of each waveform were measured and averaged, including: action potential duration at 166 30% (APD30) and 80% (APD80) repolarization, APD triangulation (APD80-APD30) ( (Li et al., 1996) . In rodents, this time course is 201 associated with a shift in myosin heavy chain expression (MYH7 to MYH6) and an age-dependent 202 increase in the spontaneous beating rate (Mahdavi et al., 1984) . We observed a similar shift in 
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Faster calcium handling in adult hearts was linked to an age-dependent increase in genes associated 268 with calcium binding within the sarcoplasmic reticulum (55% increase CASQ2 vs PND 0-3), calcium 269 release (49% increase RYR2 vs PND 0-3), and calcium-reuptake into the sarcoplasmic reticulum 270 (SERCA2), Figure 5D . Whereas immature cardiomyocytes rely less on calcium-induced calcium 271 release, and more on sarcolemma calcium influx via the sodium-calcium exchanger (NCX) and T-type 272 calcium channels (CACNA1G) (Louch et al., 2015) . In older hearts, we observed a 36% decrease in 273 NCX expression and 43% decrease in CACNA1G compared with hearts aged PND 0-3, Figure 5D .
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Disturbances in calcium handling have also been associated with an increased incidence of alternans, 
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DISCUSSION
281
Cardiac excitation-contraction coupling is the process by which an action potential evokes an increase 282 in intracellular calcium, which subsequently triggers contraction (for review (Bers, 2001) ). As the heart syncytium. The spatial distribution of desmosomal, fascia adherens, and gap junction proteins shifts 303 throughout postnatal development, from sporadically distributed to densely concentrated at the terminal 304 ends of neighboring adult cardiomyocytes. In rodents, the intercalated discs are formed within the first 305 20 days after birth, but continue to develop well past maturity (Angst et al., 1997) . Conversely in 306 humans, the process is gradual with the colocalizing ion channels, adherens junctions, and gap 307 junctions not being apparent until 6-7 years after birth (Peters et al., 1994; Vreeker et al., 2014) .
309
In the presented study, we reported an increase in the relative mRNA abundance of key genes involved 
333
In the presented study, we observed a similar developmental time course, with increased mRNA 334 expression of calsequestrin, ryanodine and the sarcoplasmic reticulum calcium ATPase in hearts aged 335 10-16 days compared with 0-3 days. We also observed an age-dependent decrease in genes 336 associated with sarcolemma calcium influx -namely the sodium-calcium exchanger and T-type calcium action potential that is rate-dependent, the rodent action potential lacks a plateau phase due to 356 differences in outward potassium current (Knollmann et al., 2007; Grandy et al., 2007) . We observed an 357 age-dependent increase in the expression of voltage-gated potassium channels -namely KCND2 and 358 KCND3 that encode Kv4.2 and Kv4.3 and facilitate It 0 current. Indeed, It 0 is responsible for >50% of 359 total outward potassium current and the very short APD that is characteristic of the adult mouse 360 myocardium . In our study, action potentials showed rate dependency in all age 361 groups, but immature hearts displayed longer action potential duration times and ventricular effective 362 refractory periods.
364
Limitations
365
The scope of our study was limited to the age-dependent effects on cardiac electrophysiology and 366 calcium handling using a rat model, therefore differences with human physiology should be considered.
367
Despite many similarities, species-specific differences in cardiac physiology exist between rodents and 368 humans. Nevertheless, rodent models remain a valuable tool for understanding cardiac maturation, as 
381
of this study can serve as a baseline for future studies aimed at assessing environmental, 382 pharmacological or toxicological perturbations.
